The AWSIM Interoperability with ModSAF (AIM) program is investigating interfacing traditional constructive simulations with virtual simulations. The program addresses a number of issues involved in this interoperability.
INTRODUCTION
The AWSIM Interoperability with ModSAF (AIM) program is investigating approaches and issues in interfacing traditional constructive simulations with virtual simulations.
The form of integration assumes a broad constructive simulation within which a virtual simulation portrays a detailed window (virtual playbox). In this case, the constructive simulation is AWSIM, an Air Force simulation widely used in theater-wide computer-aided exercises; and the virtual simulation is ModSAF, a detailed simulation used in conjunction with vehicle trainers.
The mechanism for exchange is the Aggregate Level Simulation Protocol (ALSP), a meehanism used in theater training exercises.
When aircraft modeled in AWSIM cross into a ModSAF window, responsibility for modeling the aircraft is transferred to ModSAF.
When the aircraft cross out of the window, modeling responsibility is passed back to AWSIM. AWSIM retains command and control responsibility for the aircraft regardless of where it is modeled.
Issues
Issues that form the framework for the AIM investigation include the following: When an aggregate unit in a constructive modeJ is de composed into its constituent entities, the entities should be properly placed on the battlefield with sufficient information to continue the mission of the unit when responsibility for modeling the entities is transferred to the virtual simulation. Similarly, when a unit reaggregates, the constructive simulation should receive sufficient information about the unit to reilect the results of battlefield activities that occurred in the virtual simulation.
Coherency.
Consistent views of the battlefield should be maintained in both constructive and virtual simulations, including the state of the entities on the battlefield, the behaviors and activities that they perform, the time being represented, and the terrain that forms the context of the battle. A seamless transition of modeling and interactions should be present across the boundary between the simulations.
Command
and Control. Units in both the constructive and the virtual simulations should be able to accept command and control directives in a consistent way.
Exercise
Support. Mechanisms should be provided to facilitate the management of the total exercise. This entails an understanding of the total state of the exercise and coordinated control of the component pieces.
Constraints
Several constraints drive the AIM projecfi q Practicality.
The results of the investigation should be valid in the world of military exercises and training.
AWSIM and ModSAF are simulations tlhat are in regular use.
Entities
used in the prototype are real-world aircraft types, missions, and environment. is an existing information-exchange mechanism. AWSIM was already adapted to use ALSP and ALSP rdready provides mechanisms for ground-truth data exchanges and time management.
Visibility.
The exchange of information between the simulations should be explicit and externally visible.
Information
is exchanged using a message-based medium.
Maintaining
Model Credibility. In order to maintain the credibility of each simulation, new modeling should be avoided. Similarly, new software elements that introduce modeling concepts should be avoided.
Implementation Approach
The approach chosen to implement AIM was to use an enhanced ALSP protocol (See Figure 1) 
Object Description
In AWSIM and ModSAF, objects are represented using attributes. This representation comes into play when one simulation must internalize (ghost) an object modeled by the other and when modeling responsibility must pass from one simulation to the other. Table 1 
RESOLUTION APPROACHES
The differences between the simulations that are described in Section 2 must be rectified if an interoperable federation of simulations is to exist. The most obvious and straightforward approach to accomplishing this is to add representations and modeling to each simulation to make it match the other. However, this is not the best approach for a number of reasons: ease scenario development or (3) to ease processing requirements, permitting large scenarios to be executed in relatively small computers. The cost to add detail to the more abstract simulation is excessive. New modeling of activity can be added to a simulation.
For example, in AWSIM, fuel could be modeled (consumed, replenished when refueled) for each aircraft in a flight individually.
As discussed above, adding the modeling of a specific function is the most costly alternative. New data elements can be added to a simulation.
For exa]mple, in AWSIM, a flight formation could be kept. While this approach may be adequate, it often introduces simplistic, operationally inappropriate results. q Some abstractions are purposely built into a simulation (1) to permit its users to deal with the activity being modeled at a higher level (2) to Alternatively, AWSIM could broadcast flight fuel stateM odSAF could apply an algorithm to determine individual aircraft fuel state. In general, it appears best to assign this role to the simulation with the most detailed modeling of the particular function-ModSAF in this case.
It must be noted that all of these approaches create information that is not present when the simulations operate separately. By doing so, any validation or accreditation of either of the simulations is abrogated; tne process must De perrormeu again against me simulations interoperating together.
AIM IMPLEMENTATION METHODOLOGY
Given the differences in representation and modeling deseribed above, mechanisms were chosen to permit interoperability between AWSIM and ModSAF. Each of the mechanisms entail compromises between the desired seamless integration and the practical requirement to integrate without violent disruption to either simulation. This section describes the compromises that have been made and resulting modeling discrepancies. The section is divided according to the interoperability issues described in Section 1.
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Coherency q
Consistent views of the battlefield should be maintained in both AWSIM and ModSAF, including the state of the entities on the battlefield, the . activities that they are performing, the time being represented, and the terrain that forms the context of the battle. A seamless transition of modeling and interaction should be present across the window boundary. These issues are discussed in Table 4 . should be able to accept command and control diredves in a consistent way. These issues are discussed in Table 5 . management of the total exercise. This is particularly true in exercises, like AIM, with multiple simulations and complicated topologies, These mechanisms permit an understanding of the total state of the exercise and coordinated control of the component simulations. These issues are described in Table 6 .
CONCLUSIONS
While the AIM investigation and prototype implementation are incomplete, several conclusions can be drawn from progress to date.
Complete, seamless interoperability is not practical, and, given the strengths of each simulation and the intended use of the fdemted system, not desirable. ModSAF generates status reports describing a flight of aircraft to AWSIM. The frequency and content of these messages are the subject of on-going knowledge acquisition; current implementation is an estimate of the result 
